proteins dimerize through their N-terminal domains, proCopenhagen University ducing a "stalk" structure on the 50S subunit with a Sølvgade 83 flexible hinge region that probably allows the C-terminal DK1307-Copenhagen K domains of the dimers to move relative to one another Denmark and to the ribosomal surface (Traut et al., 1995). The rRNA region is also involved, together with L11, in the binding of two thiopeptide antibiotics, thiostrepton and micrococcin, which can impede ribosomal factor-depenThe ribosome is an extremely ancient, highly complex, dent processes. The second component is the ribotoxin molecular machine in which rRNAs and ribosomal prostem-loop (nucleotides 2645-2675 of E. coli 23S rRNA), teins have coevolved over some 3 billion years in order where cytotoxic proteins, including ␣-sarcin and ricin, to produce proteins efficiently and accurately. After four modify the rRNA loop and block ribosomal factordecades of dedicated, frequently demoralizing, but ofdependent processes, at least for elongation factors ten very creative experimental work, the ribosome may that produce overlapping chemical footprints in this finally be starting to reveal the secrets of its molecular rRNA region ( The crystal structure of the L11-rRNA complex is a landhyperthermophilic bacterium Thermotoga maritima, which mark costructure of a ribosomal protein and an rRNA is an essential part of an important functional center on fragment. Moreover, as an integral part of an important the 50S subunit. It will be followed, shortly, by highfunctional site on the 50S subunit, its structural and resolution structures of the ribosomal subunits.
1981). However, this inhibition has only been investigated rigorously for the EF-G-dependent reactions. ReAntibiotic Binding
The antibiotics thiostrepton and micrococcin are comcently, it was proposed that while the drugs bind primarily to the rRNA, they cause inhibition by blocking a plex thiopeptides that have partly similar structures and bind to the L11-rRNA complex. Both have recently been conformational change in the N-terminal domain of protein L11. The evidence for this derives from mutational shown to be effective agents against the malaria parasite Plasmodium falciparum by inhibiting organelle prostudies and from an altered proteinase susceptibility observed at tyrosine-61 (tyrosine-62 in E. coli ribosomes) tein biosynthesis. Resistance to these drugs is conferred Evidence for a Ribosomal Switch note a potential mechanism whereby the thiazole groups of the two drugs could mimic the multiple proline resiThere is strong evidence for a reciprocating transition occurring in the ribosome that affects binding and redues of L11 and compete for a common ribosomal-or factor-binding site. lease of the elongation factors. It derives from the demonstration that, on a tRNA-free E. coli ribosome, a synerImportantly, blockage of such functional conformational switches may be a common mechanism for inhibigistic effect occurs between the GTPase activities of EF-Tu and EF-G (Mesters et al., 1994) . This implies that tion of protein biosynthesis by other antibiotics. For example, both fusidic acid and kirromycin, which stall a ribosomal site oscillates between two conformers, triggered by GTP hydrolysis, which facilitates the exchange EF-G and EF-Tu, respectively, on the ribosome after GTP hydrolysis, are considered to inhibit the interdoof elongation factors. The finding that this effect was inhibited by thiostrepton directly implicates the L11-main rearrangements of the factors that are a prerequisite for their release from the ribosome.
rRNA region in some reciprocal movement on the ribosome between an EF-Tu-GTP binding conformer and How Do the Elongation Factors Interact with the Ribosomal Site?
an EF-G-GTP binding conformer. The structure of the L11-rRNA complex suggests a Crystal structures of the elongation factors reveal that the overall shapes of the ternary complex of aminoacylbasis for such a molecular switch mechanism. While the C-terminal domain of L11 is anchored firmly on the tRNA.EF-Tu.GTP and EF-G.GDP are very similar (Nyborg and Liljas, 1998). The EF-G exhibits five main structural distorted minor groove of the A1067 stem-loop, the N-terminal domain interacts weakly with the A1067 and domains (Figure 1) , where domain 4 corresponds to the anticodon stem-loop of the tRNA in the ternary complex.
A1095 loops, suggesting that the latter may alternate between rRNA-bound and rRNA-free states or, alternaIn line with this structural mimicry, cryo-electron microscopy studies show that the elongation factors occupy tively, assume altered conformations on the rRNA (Figure 2B) . Such a switch could regulate binding and realmost identical positions on the ribosome (reviewed in Nyborg and Liljas, 1998). Both elongation factors conlease of the ribosomal factors (Cundliffe, 1986).
The following presents a model for how this molecular tact the "GTPase-associated site" at the base of the L12 "stalk" on the large subunit via their G domains, switch could regulate elongation factor binding to the ribosome. Chemical footprinting and cross-linking data tRNAs and factors. The eagerly awaited crystal structures of the ribosomal subunits will at least provide a suggest that EF-G, in contrast to EF-Tu, interacts specifically with the A1067 loop such that the N-terminal dobasis for designing meaningful experiments. main of L11 may regulate its binding. Thus, EF-G binding would only occur in the rRNA-free state of the N-terminal
